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OBJECTIVES The purpose of this study was to determine if burst atrial pacing would have an effect on
terminating atrial fibrillation.
BACKGROUND We hypothesized that frequency domain analysis of a filtered wide bipolar atrial electrogram
describes the global organization of atrial fibrillation (AF) and should vary over time. Timing
burst pacing to periods of high organization of AF should promote regional atrial conduction
block and terminate AF.
METHODS Nine dogs were conditioned with rapid atrial pacing for 48 h. Electrogram recordings were
made from a wide right atrium (RA) to left atrium (LA) bipole and digitally filtered. A
fast-Fourier transform was performed every 0.5 s on a sliding 2-s window, and the
organization index (OI) was calculated as a ratio of the area of the first four harmonic peaks
to the total power of the spectrum. Organization indexes 0.5 indicated more organized AF
activity. Right atrium and LA burst pacing (burst) (cycle length 50 ms, 9.9 ms, 9.9 mA, 1 to
4 s) was performed through decapolar catheters. Burst was either random or synchronized to
OI 0.5.
RESULTS Burst termination was attempted 1,814 times (889 OI sync, 925 random) and succeeded in
seven of nine dogs. Burst had an overall success rate of 11.1% versus 6.3% for random (p 
0.0003). Biatrial pacing had the highest efficacy for terminating AF, with a success rate of
16.5% for OI sync versus 8.2% for random (p  0.0001).
CONCLUSIONS Timing the delivery of the burst pace when the OI is 0.5 increases the efficacy of burst pace
termination of AF. Biatrial pacing is more effective than either RA or LA pacing
alone. (J Am Coll Cardiol 2002;40:1831–40) © 2002 by the American College of
Cardiology Foundation
Atrial flutter can be successfully entrained and terminated
with atrial overdrive pacing (1–10). Atrial fibrillation (AF)
in animals can be regionally entrained for short periods
(11,12). Recently, it has been shown that AF can be
regionally entrained in humans (13–15). Even though
regional entrainment of AF has been demonstrated, termi-
nation of AF during these conditions has not been success-
ful. Overdrive atrial pacing could produce regional atrial
refractoriness and conduction block in regions of excitable
gap, and possibly block the propagation of reentrant wave-
lets. A high-frequency burst protocol has been implemented
into atrial implantable defibrillators as a therapeutic option
for termination of AF, but has had limited success (16–18).
Recently, we have developed a new metric for quantifying
the organization of AF with frequency domain analysis,
termed the organization index (OI) (19,20). Atrial fibrilla-
tion varies in spatiotemporal organization and has periods of
higher organization where the AF is more “flutterlike.”
There is a decrease in atrial defibrillation thresholds in
canines when shocks are timed to periods of measured high
AF organization, as determined by the OI. There is evi-
dence that the mechanism of AF in the animal model used
in this study is reentrant wavelets (11,12,21). The number
of wavelets circulating in the atria probably varies with
changing global and regional refractoriness, and is inversely
related to the spatiotemporal organization and regions of
excitable gaps. A pacing impulse that occurs during the
excitable gap may capture the atria and terminate AF. It was
hypothesized that if the delivery of burst rapid atrial pacing
were timed to periods of measured high AF organization
when a longer excitable gap may exist, the efficacy of burst
pace termination of AF should improve.
Finally, several studies have shown that there are differ-
ences in the electrophysiologic properties in the left atrium
(LA) and right atrium (RA) (21–25). These differences have
been shown to lead to differences in signal conduction
between the atria and to a gradient in dominant frequencies
during AF in these models (24–26). This in turn may lead
to differences in AF organization between the LA and RA,
which can influence how the AF is affected by the burst
pacing, depending on the pacing site. We hypothesized that
the pacing site would play a role in the efficacy of the
termination of AF with burst pacing.
The purpose of this study was to determine if burst atrial
From the *Krannert Institute of Cardiology, Indiana University School of Medi-
cine, Indianapolis, Indiana; and the †Cardiovascular Division, Department of Internal
Medicine, The University of Virginia Health System, Charlottesville, Virginia. David
Haines is a recipient of a Grant-In-Aid, American Heart Association, Virginia
Affiliate.
Manuscript received February 5, 2002; revised manuscript received June 12, 2002,
accepted July 15, 2002.
Journal of the American College of Cardiology Vol. 40, No. 10, 2002
© 2002 by the American College of Cardiology Foundation ISSN 0735-1097/02/$22.00
Published by Elsevier Science Inc. PII S0735-1097(02)02476-2
pacing would have an effect on terminating AF, if timing
the delivery of the burst to a high OI would improve the
success rate of burst pace termination, and the best site and
duration of burst pace delivery.
METHODS
All animal protocols were reviewed and approved by the
Animal Research Committee at the University of Virginia
Health System, conformed to the guidelines published in
the “Position of the American Heart Association on Re-
search Animal Use,” and were conducted with the assistance/
supervision of the Animal Resources Department veterinary
staff.
Animal preparation. Nine mongrel dogs weighing 31.9 
2.7 kg were induced with sodium pentothal (0.25 mg/kg)
and intubated, and isoflurane (0.5% to 1.5%) or halothane
(0.5% to 1.5%) were used for maintenance anesthesia. The
animals were conditioned with 48 h of rapid atrial pacing as
previously described (19). The right neck and interscapular
regions were sterilely prepped and draped. An active fixation
atrial “J” permanent pacemaker lead (Medtronic Inc., Min-
neapolis, Minnesota) was introduced into the right jugular
vein through a cut-down incision, and was advanced into
the right atrial appendage under fluoroscopic guidance.
Pacing parameters were tested and the lead position was
fixed at the venous entry point. A pacemaker pocket was
created between the scapulae, and the lead was tunneled
to the pocket. The lead was connected to a specially
modified Telectronics (Englewood, Colorado) unipolar im-
plantable pulse generator and appropriate atrial pacing was
confirmed. The wounds were repaired and the animals
returned to the vivarium. The pacemakers were pro-
grammed to a rate of 640 beats/min, a pulse width of
0.5 ms, and an output of 5 V.
After 48 h of rapid atrial pacing, the animals were
anesthetized and the femoral vessels were accessed via
cut-down incision. Two transseptal catheterizations were
performed using a Brockenbrough needle and two 9.5F 80
cm sheaths. Decapolar catheters with 10 mm spacing
between each bipole were placed in the right and left
appendages for electrogram (EG) recording and for burst
pacing. Coil electrode catheters were placed contiguous to
right and left atrial free walls to create an interatrial bipole
EG. These catheters were specially constructed 7F catheters
with stainless steel defibrillation coils (Boston Scientific
Corporation) having a surface area of 3.64 cm2. The dogs
were euthanized with a barbiturate overdose at the comple-
tion of the protocol.
Signal processing and frequency domain analysis. The
wide bipole signal obtained from the coil electrode catheters
(Fig. 1) was acquired and analyzed as described previously
(20). Briefly, the signal was digitized at 1,000 Hz using a
486 66 MHz computer with an AT-DSP2200 data acqui-
sition card (National Instruments Corporation, Austin,
Texas) programmed in Turbo C. An ideal QRS was
determined by averaging 100 QRS complexes. This ideal
QRS was then subtracted from each individual QRS com-
plex in the signal. The resulting AF waveform following
QRS subtraction was bandpass filtered using a 40 to 250 Hz
second-order digital Butterworth filter. The absolute value
of the filtered waveform was low-pass filtered using a 20 Hz
second-order digital Butterworth filter. This filtering pro-
cess extracts a time-varying waveform proportional to the
amplitude of the high-frequency components in the original
atrial EG, enhancing the periodicity or nonperiodicity of
the signal. This algorithm was used to take a complex
waveform and transform it to a series of atrial activations
while diminishing the effects of changing EG morphology
and/or amplitude (27).
An FFT was calculated on the digitally filtered waveform
over a sliding 2-s window of 2,048 points every 0.5 s (Fig.
2). The data were tapered using a split cosine bell window.
The largest peak of the resulting magnitude spectrum was
identified and the position of the harmonic peaks was
determined on the basis of its position. The areas under the
largest peak and three of its harmonic peaks were each
calculated over a 1-Hz window. This produced an area
under four peaks. The total area of the spectrum was
calculated from 2.5 Hz up to but not including the fifth
harmonic peak. Higher frequencies were excluded because
they were assumed to exceed the physiologic range of
frequencies for AF wavelets. The ratio of the power under
the harmonic peaks to the total power in this range was
calculated, and the resulting number was defined as the OI.
The OI was theorized to represent the organization of AF
at that period in time. On the basis of previous experiments,
an OI threshold of 0.5 was selected to represent times
with relatively organized AF signals (19).
Burst pace termination protocol. Decapolar catheters,
situated in the right and left atrial appendages, were used for
burst pacing following the initiation of AF. For each AF
episode, burst pace termination was attempted either at the
RA appendage, the LA appendage, or biatrially by pacing
through both decapolar catheters simultaneously. Burst
pacing was performed with a cycle length of 50 ms, a pulse
width of 9.9 ms, and an output of 9.9 mA. The burst pace
duration was varied between 1 and 4 s. The burst pace was
either delivered randomly or synchronized to an OI 0.5.
The duration of the burst pace, OI synchronization, and the
pacing site were all randomized. A successful burst pace
Abbreviations and Acronyms
AF  atrial fibrillation
CL  cycle length
EG  electrogram
FFT  fast-Fourier transform
LA  left atrium
OI  organization index
RA  right atrium
SR  sinus rhythm
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Figure 1. (A) A 4-s acquisition of an unfiltered wide bipolar electrogram from the coil electrodes placed in the left atrium and the right atrium. This signal
was obtained just before a successful attempt to terminate atrial fibrillation (AF) through rapid burst atrial pacing. The high-amplitude activity represents
the far-field ventricular activation, and the low-amplitude signal represents global bipolar interatrial activity. In this example, the AF signal is transiently
very well organized (“flutterlike”), as evidenced by the regular 2:1 ventricular response to an atrial rhythm with a cycle length of 120 to 130 ms. (B) An
unfiltered wide bipolar electrogram obtained from the same animal immediately before an unsuccessful attempt to terminate AF through rapid burst atrial
pacing. The atrial activity and the ventricular response are grossly irregular, suggesting a more disorganized rhythm.
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termination was defined as AF termination within 3 s of the
last burst pace stimulus. In all cases, burst pace termination
of AF was attempted after spontaneous or induced AF of at
least 30 s of sustained duration. If the AF terminated, it was
reinitiated with 10-s burst of rapid atrial pacing as described
above for further testing.
Statistical analysis. Data were expressed as the mean  SD
or as a point estimate with 95% confidence intervals. The burst
pace termination results were analyzed by generalized estimat-
ing equations by using a generalized linear model. The model
parameters for the fixed effects were estimated by maximum
likelihood, and the variance-covariance parameters were esti-
mated by the Huber and White estimator. The log odds ratio
was used as the statistic for hypothesis testing. Data were tested
for normality using the Kolmogorov-Smirnov test. Statistical
significance was defined as p  0.05. All statistical computa-
tions were conducted in Splus 2000 (Insightful, Inc., Seattle,
Washington).
Figure 2. Results from a fast Fourier transform performed on the signals from Figure 1 after QRS subtraction and digital filtering. Panel A shows a
dominant peak with discrete harmonics and little magnitude between the peaks. This resulted in a high (organized) organization index (OI) number. Panel
B shows a high magnitude of spectral power between the harmonic peaks. This resulted in a low (disorganized) OI number.
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RESULTS
After the pacemaker was turned off, three of the nine dogs
were in AF. In these animals, AF lasted for10 min before
spontaneous termination. In the remaining six dogs, AF was
induced with a 10-s burst of rapid atrial pacing immediately
after the pacemaker was turned off. In these six dogs, the
duration of AF after the 10-s burst ranged from 45 s to 10
min (median 4.5 min) before spontaneous termination.
Burst pace termination of AF was attempted 1,814 times
and succeeded in seven of nine dogs. A total of 925 burst
pace termination attempts were delivered randomly, and
889 burst pace termination attempts were synchronized to
an OI 0.5. Termination of AF through burst pacing had
an overall success rate of 11.1% for OI-synchronized at-
tempts versus 6.3% for random attempts (p  0.0001). For
each animal, significant variability of the OI over time was
observed (Fig. 3). In these nine animals, the OI was
normally distributed (Fig. 4A) with a mean of 0.41  0.11,
a maximum of 0.61 0.09, and a minimum of 0.19 0.05.
In the two animals in which AF did not terminate with
burst atrial pacing, the OI was lower on average than the
OIs for the animals in which burst pace termination of AF
was successful (0.36  0.03 vs. 0.42  0.08).
The distribution of OIs for all burst pace termination
attempts synchronized to an OI 0.5 is shown in Figure 4,
B, and demonstrated a distribution similar to the tail of the
normal distribution for all OI measurements above the 0.5
threshold value. The prevalence of burst pace termination of
AF with respect to pacing site and burst pace duration is
shown in Figure 5. Biatrial pacing for 3 s synchronized to an
OI 0.5 had the highest success rate for terminating AF.
The 97 trials for AF termination with this configuration
were successful in 24 cases (24.7%). Overall, OI-
synchronized biatrial pacing was successful in terminating
AF in 16.5% of attempts versus 8.2% for random (p 
0.0001). Figure 6 shows an example of biatrial pacing for a
duration of 2 s resulting in the termination of AF. Also
demonstrated is the rapid pacing capturing both atria. For
RA-only and LA-only pacing sites, OI-synchronized burst
pace termination had an overall higher success rate than
random attempts, but this increase did not reach statistical
significance. Figure 7 shows an example of rapid pacing
from a RA site for a duration of 2 s that was not successful
in terminating AF. As demonstrated in this example, single
atrial pacing frequently failed to capture the contralateral
atrium. For all pacing protocols, the odds of a successful
termination of atrial fibrillation doubled when the pace
duration was 1 s (p  0.03).
DISCUSSION
In the present study, it has been shown that AF can be
successfully captured and terminated with rapid burst atrial
pacing. The highest success rate occurred when the burst
was delivered during periods of high measured AF organi-
zation with biatrial pacing for 3 s. It has been shown that
the spatiotemperal organization of AF varies over time.
Delivering shocks during increased levels of AF organiza-
tion, as measured by the OI, has shown to increase cardio-
version efficacy (19). When this methodology was applied in
attempting to burst pace terminate AF, similar results were
Figure 3. Calculated organization index (OI) values for a 1-min atrial fibrillation signal acquisition. A sliding 2-s window was used to calculate an OI every
0.5 s. A large variance in the OI is seen over time.
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observed with increased efficacy of burst pace termination
when the stimuli were synchronized to a high OI value.
It has been theorized that AF consists of multiple
wavelets traveling through the atria (11,12,21). The number
of wavelets circulating in the atria is inversely correlated to
the regions of the excitable gap (15,28). Rapid burst pacing
delivered outside the excitable gap has a lower chance of
terminating AF because the tissue is refractory and the
pacing will not capture a large enough mass of the atria to
be effective. The burst must be delivered during periods of
more “flutterlike” activity where an increased region of an
excitable gap may exist and the atrial tissue is not refractory.
The overdrive pacing could potentially produce regional
atrial refractoriness and conduction block in regions of
excitable gap, and possibly block the propagation of reen-
trant wavelets. The organization index may be able to
identify these flutterlike periods during AF where a critical
mass of atrial tissue is excitable, and allows for capture of the
tissue and the possible termination of AF.
Previous Studies
Rapid atrial pacing. Several studies have shown that atrial
flutter can be terminated with atrial overdrive pacing with
varying success rates (1–10). Not until recently have studies
looked at burst pacing during AF and the ability to
regionally entrain AF for brief periods of time. Allessie et al.
(11) showed that in a canine model, AF could be regionally
controlled within a small pacing interval window, suggest-
ing that an excitable gap may exist during AF. Kirchhoff et
al. (12) took this study a step further by mapping the atria
during rapid pacing in the presence of AF. The region of
control of AF was shown to be activated by uniform
wavefronts conducting away from the stimulation site until
reaching intraatrial conduction block or colliding with other
wavefronts (12). In humans, Daoud et al. (13) demonstrated
that during type I AF, pacing the high right atrium can
capture the RA and influence the signal in the LA. Two
other studies by Capucci et al. and Kalman et al. (14,15) also
demonstrated that regional entrainment of AF is possible by
Figure 4. The distribution of organization indexes (OIs) calculated over a 60-s AF electrogram acquired from all nine animals is displayed in panel A. These
data are normally distributed and are representative of the OI values at the time of randomly delivered rapid burst. Panel B shows the distribution of OI
values recorded immediately before the burst pace termination attempts synchronized to OI values 0.5. By definition, the distribution curve is truncated
at the 0.5 threshold value.
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pacing the RA, suggesting that an excitable gap may be
present during AF. All of these studies in both animals and
humans look at the ability to regionally entrain AF; how-
ever, termination of AF during entrainment was not suc-
cessful. The present study is the first to show that AF can be
terminated with rapid atrial pacing.
Right and left atrium. The electrophysiologic differences
between the RA and LA have been well documented
(21–26). In animal models of AF, it has been shown that
the LA has shorter atrial effective refractory periods and
shorter AF cycle lengths than the RA (22). Sih et al. (21)
demonstrated differences in activation maps between the
RA and LA. Recently, it has also been shown that in a
Langendorff-perfused sheep heart the LA has higher dom-
inant frequencies during AF than the RA (26). These
differences between the RA and LA with AF may play a role
in whether pacing from an individual right atrial or left atrial
bipole can capture both atria and terminate AF. This study
demonstrates that the site of rapid pacing and the duration
of the stimulus play major roles in the efficacy of termination
of AF. Biatrial rapid burst atrial pacing proved to have a
higher success rate for terminating AF than pacing from the
RA or LA alone.
Clinical implications. The present study shows that AF
can be terminated with rapid burst atrial pacing. This may
provide important therapeutic implications regarding the
possibility of termination of paroxysmal AF without sub-
jecting patients to painful shocks or the risks of anesthesia.
This could be of particular importance for the atrial im-
plantable defibrillator. A limitation for its use as a possible
therapy for AF is shock-related discomfort (29–31). If a
burst pace termination protocol were incorporated into the
implantable atrial defibrillator as a first therapeutic option,
AF might be terminated without the use of a painful shock
and the risks that are associated with shock delivery.
Study limitations. This study was performed in a subacute
AF model and it is unknown if this technique could be
applied to a chronic AF model, or if human hearts would
respond to this protocol in the same manner. A mechanism
of reentry was presumed on the basis of prior mapping
studies, but was not specifically confirmed in the present
protocol. This animal model of AF may be analogous to
Figure 5. Success rates for the termination of atrial fibrillation (AF) with rapid burst pacing. Shown are the point estimates and the 95% confidence intervals
for predicting the probability of a successful termination of AF. The results from each rapid pacing duration (1 to 4 s) are shown for pacing from the right
atrium (RA), left atrium (LA), and biatrial pacing (BiA). A significant increase in the efficacy of the rapid atrial pacing for the termination of AF is seen
with biatrial pacing synchronized to an organization index 0.5. With this configuration, a 3-s rapid pacing window had the highest success rate (24.7%).
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Figure 6. Electrograms from the decapolar catheters that were placed in the left atrium (LA) and the right atrium (RA). Biatrial rapid burst pacing for 2 s
resulted in the termination of atrial fibrillation. During the pacing, both atria are captured. The channels labeled RA3 and LA3 were selected for pacing
(pacing artifact during the pacing train is not uniformly displayed in the RA3 and LA3 channels because of limitations of the physiologic recorder software).
Figure 7. Electrograms from the decapolar catheters that were placed in the left atrium (LA) and the right atrium (RA). Right atrium rapid burst atrial
pacing for 2 s did not terminate the atrial fibrillation. The LA electrograms showed no alterations in pattern or frequency in response to attempted burst
pace termination from the RA. The channel labeled RA3 was selected for pacing (pacing artifact during the pacing train is not uniformly displayed in the
RA3 channel because of limitations of the physiologic recorder software).
patients with AF of recent onset and brief duration. How-
ever, it is certainly not representative of patients with
persistent or chronic AF. With persistent or chronic AF, it
would be anticipated that the efficacy of burst pace termi-
nation would be lower.
The sites of burst pacing used in this study are different
from what would be anticipated clinically because of the
difficulty in accessing the coronary sinus in a closed-chest
procedure in a canine. An RA-LA catheter placement was
chosen instead of the RA-coronary sinus catheter placement
that is used in human patients. We also cannot rule out the
possibility of AF terminating and then reinitiating during
the period of rapid pacing.
Conclusions. Using an algorithm that we developed to
measure the organization of AF, we have shown that the
organization of AF varies over time. By timing the delivery
of burst pacing to time periods of increased measured AF
organization, the efficacy of capture and termination of AF
is improved. It also appears that biatrial pacing is more
effective than pacing from the RA or the LA alone.
Reprint requests and correspondence: Dr. David E. Haines,
University of Virginia Health System Cardiovascular Division,
P.O. Box 800158, Charlottesville, Virginia 22908. E-mail:
dhaines@virginia.edu.
REFERENCES
1. Waldo AL, MacLean WA, Karp RB, Kouchoukos NT, James TN.
Entrainment and interruption of atrial flutter with atrial pacing:
studies in man following open heart surgery. Circulation 1977;56:737–
45.
2. Camm J, Ward D, Spurrell R. Response of atrial flutter to overdrive
atrial pacing and intravenous disopyramide phosphate, singly and in
combination. Br Heart J 1980;44:240–7.
3. Olshansky B, Okumura K, Hess PG, Henthorn RW, Waldo AL. Use
of procainamide with rapid atrial pacing for successful conversion of
atrial flutter to sinus rhythm. J Am Coll Cardiol 1988;11:359–64.
4. Bella PD, Marenzi G, Tondo C, et al. Effects of disopyramide on cycle
length, effective refractory period and excitable gap of atrial flutter, and
relation to arrhythmia termination by overdrive pacing. Am J Cardiol
1989;63:812–6.
5. Hii JTY, Mitchell LB, Duff HJ, Wyse DG, Gillis AM. Comparison
of atrial overdrive pacing with and without extrastimuli for termination
of atrial flutter. Am J Cardiol 1992;70:463–7.
6. Heldal M, Orning OM. Effects of flecainide on termination of atrial
flutter by rapid atrial pacing. Eur Heart J 1993;14:421–4.
7. Peters RW, Wiess DN, Carliner NH, Feliciano Z, Shorofsky SR,
Gold MR. Overdrive pacing for atrial flutter. Am J Cardiol 1994;74:
1021–3.
8. Rhodes LA, Walsh EP, Saul JP. Conversion of atrial flutter in
pediatric patients by transesophageal atrial pacing: a safe, effective,
minimally invasive procedure. Am Heart J 1995;130:323–7.
9. Stambler BS, Wood MA, Ellenbogen KA. Comparative efficacy of
intravenous ibutilide versus procainamide for enhancing termination of
atrial flutter by atrial overdrive pacing. Am J Cardiol 1996;77:960–6.
10. Peters RW, Shorofsky SR, Pelini M, Olsovsky M, Gold MR.
Overdrive atrial pacing for conversion of atrial flutter: comparison of
postoperative with nonpostoperative patients. Am Heart J 1999;137:
100–3.
11. Allessie M, Kirchhof C, Scheffer GJ, Chorro F, Brugada J. Regional
control of atrial fibrillation by rapid pacing in conscious dogs. Circu-
lation 1991;84:1689–97.
12. Kirchhof C, Chorro F, Scheffer GJ, et al. Regional entrainment of
atrial fibrillation studied by high-resolution mapping in open-chest
dogs. Circulation 1993;88:736–49.
13. Daoud EG, Pariseau B, Niebauer M, et al. Response of type I atrial
fibrillation to atrial pacing in humans. Circulation 1996;94:1036–40.
14. Kalman JM, Olgin JE, Karch MR, Lesh MD. Regional entrainment
of atrial fibrillation in man. J Cardiovasc Electrophysiol 1996;7:867–
76.
15. Capucci A, Ravelli F, Nollo G, Montenero AS, Biffi M, Villani GQ.
Capture window in human atrial fibrillation: evidence of an excitable
gap. J Cardiovasc Electrophysiol 1999;10:319–27.
16. Luria D, Euler DE, Mongeon L, Warman EN, Friedman PA.
Efficacy of high frequency burst atrial pacing for termination of atrial
flutter/fibrillation. Pacing Clin Electrophysiol 2001;24:684.
17. Adler SW, Wolpert C, Warman EN, Musley SK, Koehler JL, Euler
DE. Efficacy of pacing therapies for treating atrial tachyarrhythmias in
patients with ventricular arrhythmias receiving a dual-chamber im-
plantable cardioverter defibrillator. Circulation 2001;104:887–92.
18. Friedman PA, Dijkman B, Warman EN, et al. Atrial therapies reduce
atrial arrhythmia burden in defibrillator patients. Circulation 2001;
104:1023–8.
19. Everett TH, Moorman JR, Kok LC, Akar JG, Haines DE. Assess-
ment of global atrial fibrillation organization to optimize the timing of
atrial defibrillation. Circulation 2001;103:2857–61.
20. Everett TH, Kok LC, Vaughn R, Moorman JR, Haines DE. Fre-
quency domain algorithm for quantifying atrial fibrillation organiza-
tion to increase defibrillation efficacy. IEEE Trans Biomed Eng
2001;48:969–78.
21. Sih HJ, Zipes DP, Berbari EJ, Adams DE, Olgin JE. Differences in
organization between acute and chronic atrial fibrillation in dogs. J Am
Coll Cardiol 2000;36:924–31.
22. Morillo CA, Klein GJ, Jones DL, Guiraudon CM. Chronic rapid
atrial pacing. Structrual, functional, and electrophysiological charac-
teristics of a new model of sustained atrial fibrillation. Circulation
1995;91:1588–95.
23. Gaita F, Calo L, Riccardi R, et al. Different patterns of atrial activation
in idiopathic atrial fibrillation: simultaneous multisite atrial mapping in
patients with paroxysmal and chronic atrial fibrillation. J Am Coll
Cardiol 2001;37:534–41.
24. Derakhchan K, Li D, Courtemanche M, et al. Method for simulta-
neous epicardial and endocardial mapping of in vivo canine heart:
application to atrial conduction properties and arrhythmia mecha-
nisms. J Cardiovasc Electrophysiol 2001;12:548–55.
25. Li D, Zhang L, Kneller J, Nattel S. Potential ionic mechanism for
repolarization differences between canine right and left atrium. Circ
Res 2001;88:1168–75.
26. Mansour M, Mandapati R, Berenfeld O, Chen J, Samie FH, Jalife J.
Left-to-right gradient of atrial frequencies during acute atrial fibrilla-
tion in the isolated sheep heart. Circulation 2001;103:2631–6.
27. Botteron GW, Smith JM. A technique for measurement of the extent
of spatial organization of atrial activation during atrial fibrillation in
the intact human heart. IEEE Trans Biomed Eng 1995;42:579–86.
28. Allessie MA, Konings K, Kirchhof CJHJ, Wijffels M. Electrophysi-
ological mechanisms of perpetuation of atrial fibrillation. Am J Cardiol
1996;77:10–23A.
29. Kalman J, Jones E, Doolan L, Oliver L, Power J, Tonkin A. Low
energy endocardial cardioversion of atrial arrhythmias in humans.
Pacing Clin Electrophysiol 1995;18:1869–75.
30. Lau CP, Tse HF, Lok NS, et al. Initial clinical experience with an
implantable human atrial defibrillator. Pacing Clin Electrophysiol
1997;20:220–5.
31. Lok N, Lau C, Tse H, Ayers GM. Clinical shock tolerability and effect
of different right atrial electrode locations on efficacy of low energy
human transvenous atrial defibrillation using an implantable lead
system. J Am Coll Cardiol 1997;30:1324–30.
1840 Everett et al. JACC Vol. 40, No. 10, 2002
AF Organization and Burst Pace Termination November 20, 2002:1831–40
